Studies on the currently used organophosphorus insecticides with respect to their environmental levels and effective remediation technologies for their residues in water have been considered as a source of major concern. This study was carried out to monitor the presence of organophosphorus in drinking water plants (Kafr-El-Shiekh, Ebshan, Elhamoul, Mehalt Aboali, Fowa, Balteem and Metobess) in Kafr--El-Shiekh Governorate, Egypt. Furthermore, it was carried out to evaluate the effi ciency of different remediation technologies (advanced oxidation processes and bioremediation) for removing chlorpyrifos in drinking water. The results showed the presence of several organophosphorus pesticides in water sampling sites. Chlorpyrifos was detected with high frequency relative to other compounds in drinking water. Nano photo-Fenton like reagent (Fe 2 O 3 (nano)/H 2 O 2 /UV) was the most effective treatment for chlorpyrifos removal in drinking water followed by ZnO(nano)/H 2 O 2 /UV, Fe 3+ /H 2 O 2 /UV and ZnO/H 2 O 2 / UV, respectively. Bioremediation of chlorpyrifos by effective microorganisms (EMs) removed 100% of the chlorpyrifos initial concentration after 23 days of treatment. There is no remaining toxicity in chlorpyrifos contaminated-water after remediation on treated rats with respect to cholinesterase activity and histological changes in kidney and liver relative to control. Advanced oxidation processes especially with nanomaterials and bioremediation with effective microorganisms can be regarded as safe and effective remediation technologies for chlorpyrifos in drinking water.
INTRODUCTION
Agricultural pesticides signifi cantly improve crop yields and pesticides protect against pests. On the other hand, pesticides have become universal contaminants found in all segments of the environment and create many hazards to the environment and human health. Pesticides contamination in fresh water have emerged as an important environmental problem in the last few decades, and are causing concern with respect to long-term and low-dose effects on public health as well as non-target species 1 
.
The widespread use and disposal of organophosphorus compounds that have been used as an alternative to organochlorine compounds for pest control 2 resulted in the release of their residue into natural water, thus inducing an environmental problem [3] [4] . Organophoshorus monitoring and measurements in fresh water need to be further developed by providing analytical tools to carry out advanced monitoring strategies in the environmental analysis.
Due to the great environmental and human risk of pesticide residues in water resources, pesticides monitoring and measurements need to be further developed by providing analytical tools to carry out advanced monitoring strategies in the environmental analysis. Furthermore, advanced methods are in demand for an effective treatment of pesticides-polluted water to achieve complete mineralization of target pesticides and to avoid the formation of toxic end products [5] [6] . Advanced oxidation processes (AOPs), which are constituted by the combination of several oxidants such as Fenton reagent and zinc oxide combined with hydrogen peroxide, are characterized by the generation of very reactive and oxidizing free radicals in aqueous solution such as hydroxyl radicals, which poses a great destruction power 5, 7-8 .
The ferric and zinc oxides nanocatalysts are very reactive because the active sites are located on the surface. As such, they have a low diffusion resistance and are easily accessible to the substrate molecules
9-11
. An important feature of nanomaterials is that their surface properties can be very different from those shown by their macroscopic or bulk counterparts 12- 13 . The application of nanoparticles as catalysts of the Fenton-like and photo-Fenton reactions has been described by several investigators [14] [15] [16] [17] [18] . In comparison with their micro size counterparts, nanoparticles show a higher catalytic activity because of their large specifi c surface where catalytically active sites are exposed
19
.The advantage of using nanoparticles as catalysts for Fenton-like reactions would more than offset the disadvantage (associated with the use of iron(III) catalysts) of requiring ultraviolet radiation to accelerate the reaction.
Bioremediation of hazardous wastes is a relatively new technology that has undergone more intense investigation as of recent decades. This process is focused on destroying or immobilizing toxic waste materials
20
. Bioremediation is an option that offers the possibility to destroy or render harmless various contaminants using natural biological activity. As such, it uses relatively low-cost, low-technology techniques, which generally have a high public acceptance and can often be carried out on site 21, 46 . However, after remediation of pesticide residues in water, toxicity assessment is needed to directly assess the potential hazard of both original pollutants and its metabolites 5, 13 . The use of AChE as biosensor seems to be the most appropriate technique for unambiguous determination of toxicity of water samples and wastewater at different stages of organophosphrus and carbamates degradation processes. The main advantages of AChE bioassays results from their selective sensitivity to organophosphates toxic photoproducts and prompts response, which enables online monitoring and control of photodegradation processes 22-23 . In this study the presence of organophosphorus pesticides in drinking water in Kafr El-Sheikh governorate was monitored. The effi ciency of advanced oxidation processes with different nano materials and bioremediation with effective microorganisms (EMs) were evaluated to achieve the total degradation of chlorpyrifos. The cholinesterase activity and histological changes in the liver and kidney of rats was measured to confi rm the complete detoxifi cation of chlorpyrifos-contaminated water.
EXPERIMENTAL

Chemicals
Chlorpyrifos with the purity of 99.5% was obtained from Central laboratory for Pesticides, Agriculture Research Centre, Cairo, Egypt. Organophosphorus mixture standard (Chlorpyrifos, dimethoate, dichlorvos, fention, mevinphos, phorate, tetrachlorovinphos, malathion, coumaphos, merphos, trichloronate and sulprofos) was obtained from Chem. Service, Inc 660, USA. Ferric chloride and Zinc oxide with 99% purity were obtained from EL-Gomhoria Company for Chemicals, Egypt. Zinc oxide (99.99%) and ferric oxide (99.9%) nanoparticles were obtained from Egypt Nanotech Company Limited, El-Wahaat Road 6th October, Giza, Egypt. The shape and size of ferric and zinc oxides nanoparticles are shown in Fig. 1 a and b , respectively.
Monitoring of the organophosphorus compounds in drinking water
Sampling sites
Rosetta branch of Nile River feeds the main municipal water purifi cation plants at Fowa, Metobess and Desouk (Mehalet Aboali). The Demitta branch of the Nile River divided into the Meat Yazed canal which feeds Kafr El-Sheikh area and the Terra Sea canal which feeds El-Hamoul, Beila (Ebshan) and Balteem (Elkhshaa) areas. Therefore, Fowa, Metobess, Mehalet Abuali, Kafr El-Sheikh, El-Hamoul, Elkhshaa and Ebshan water purifi cation plants were selected as sampling sites to cover both the two Nile branches in Kafr El-Sheikh Governorate. These sampling sites were also selected according to their proximity to residential areas and agricultural activities. 3 L water samples in cleaned, sterilized and solvent washed glass bottles from each site (Kafr El-Sheikh, Fowa, El-Hamoul, Mehalet Abuali, Metobess, Elkhashaa and Ebshan) were collected for two times (spring and summer) in Kafr El-Sheikh Governorate. Samples were collected from the intake and outlet points of each water purifi cation plant. Sampling from the intake point was carried out from the body of the running water that enter water purifi cation plant while the sampling from outlet point was carried out from fi nished treated water in the purifi cation plants. Bottles were rinsed twice with the sample water prior to fi lling and closing. The water samples were acidifi ed with concentrated hydrochloric acid to inhibit the biological activity of the possible excite microorganisms. All samples were clearly labeled by site number and sample date. Three replicates were collected from each sampling site. The samples were transferred to the laboratory in ice container for further treatments.
Extraction procedure
Water samples were fi ltered using fi lter paper (Whatman No. 1) to remove the sand and debris. The samples (1 l, each) were partitioned twice with 50 ml of methylene chloride and 10 ml of saturated solution of sodium chloride. The samples were shaken vigorously; the organic layer was taken and dried on a column packed with 10 g of anhydrous sodium sulphate and then rotary evaporated to dryness at 30 and then re-dissolved in 0.3-ml of n-hexane. The efficacy of the analytical steps was evaluated by fortifying the distilled water samples with the mixture standard of organophosphorus pesticides at level of 1 mg L -1 , and then the analytical steps (extraction, cleaning up and determination) that mentioned were performed and replicated three times. Good average percentages of recovery were obtained (data not published). 
Gas
Photochemical remediation
The scope of the experiments included the following treatments: Nano photo-Fenton like reagent ( as Fe 3+ was added followed by the addition of H 2 O 2 at concentration level of 0.05%. Then the solution was completed with water up to 1000 mL. The initial pH of the solution was adjusted at 2.8 with 1 M HCL for all experiments 8 . The solution was transferred from the standard fl ask to a quartz glass cell (1000 mL) and exposed to the irradiation of the UV lamp under constant temperature of 25 o C with steering (the distance between the lamp and chlorpyrifos solution 15 cm).The solutions from the irradiated samples were removed at regular intervals (10, 20, 40, 80, 160 and 320 min) for HPLC analysis.
For ZnO catalyst, chlorpyrifos at concentration level of 5 mg L -1 with an appropriate amount of ZnO or ZnO nanoparticles (300 mg L -1 ) was shaken carefully before illumination followed by the addition of H 2 O 2 at concentration level of 0.05%. Then the pH was adjusted to 7, the optimum pH for ZnO catalyst 5 . The suspension was left for 30 min in the dark prior to illumination to achieve the maximum adsorption of the pesticide onto the semiconductor surface
5
. The solutions from the irradiated samples were removed at regular intervals for HPLC analysis as mentioned before elsewhere. Each experiment was replicated three times for accurate data.
HPLC analysis
The irradiated samples were analyzed directly by HPLC in the Central Laboratory of Pesticides, Agriculture Research Centre, Cairo, Egypt. A mixture of methanol and distilled water (40 : 60) was used as mobile phase under the isocratic elution mode. The fl ow rate was maintained at 1 ml min -1 and the UV detector was employed at wavelength of 228 nm.
Bioremediation technique
Effective Microorganisms (EMs1) formulation used for bioremediation of chlorpyrifos was obtained from the Egyptian Ministry of Agriculture, Cairo, Egypt. This formulation contains 60 species of benefi cial microorganisms grow in special media and produced in Egypt under supervision of the Japanese EMRO Scientifi c Organization. The enrichment and propagation were carried out in sterilized 250 mL Erlenmeyer fl ask using mineral salt medium (MSM) 25 and 5 ml L -1 of EMs liquid concentrate. Then the culture was prepared in sterilized 250 mL fl asks containing 190 mL MSM, 10 mL EMs supplemented with chlorpyrifos at concentration level of 5 mg L Control fl asks of equal volume of MSL medium and the tested insecticide without the effective microorganisms were run in parallel at all intervals to asses a biotic loss. The collected water samples of the tested insecticide were fi ltered using syringe fi ltered (0.2 mm)
26 followed by HPLC analysis as mentioned before. This experiment was repeated three times for accurate data.
Toxicity test
To confi rm the complete detoxifi cation of chlorpyrifos in treated water, toxicity tests were conducted on rats. /UV and EMs were orally administrated to the tested rats. These tests were carried out to measure the effect of the possible remaining chlorpyrifos (parent or metabolites) in the water samples after remediation on rats with respect to acetylcholinesterase activity as well as histological changes in the liver and kidney of treated rats relative to control.
Adult rats (Sprague dauley) with the 100-120 g of weight, obtained from the faculty of Veterinary Medicine, Kafr-El-Shiekh University were used. The rats were housed in polypropylene cages under standard conditions with free access to drinking water and food. The animals were randomly divided into fi ve groups each comprising three animals and the treated samples that possibly contain chlorpyrifos were given to rats as oral administration. Control group rats was fed with normal diet and given oral dose containing no chlorpyrifos. After 21 days, the rats were scarifi ed under anesthesia and blood sample was taken by cardiac puncture in vials containing heparin. Plasma was separated and centrifuged at 4500 rpm for 15 min. The supernatant of blood sample was used to determine acetyl cholinesterase activity according to the method described by 27 . Enzyme activity data were statistically analyzed using one-way repeated measurement analysis of variance. Least signifi cant difference (LSD) was used to separate means using SAS program (Version 6.12, SAS Institute Inc., Cary, USA). The kidney and liver organs were removed and prepared for histopathological examination according to the method described by 28 . The histopathology test was carried out at Dep. of Histopathology, Fac. of Veterinary Medicine, Cairo Univ. Egypt.
RESULTS AND DISCUSSION
Monitoring of organophosphorus pesticides in drinking water
The results of drinking water analysis from different sampling sites in Kafr El-sheikh Governorate have shown the presence of several organophosphate pesticide residues (dichlorvos, mevinphos, dimethoate, phorate, malathion, chlorpyrifos, fenthion, tetrachlorvinphos and coumaphos) either at the intake or outlet point of each water purification plant in the two sampling times (Tables 1-2 ). The concentrations of detected organophosphorus pesticides ranged from 0.070 to 2.95 mg L -1 either at the intake or outlet points of different water purifi cation plants. With reference to the samplingre sites, temporal analysis in two sampling times showed that the organophosphorus pesticides were abundant in the following order; Metobess> Kafr El-Sheikh> Fowa > Elhamoul > Belia (Ebshan) > Desuok (Mehallet Aboali) and Balteem (Elkhashaa), respectively. With respect to the detected compounds in all sampling sites during the two sampling times, the detection frequency was abundant in the following order; chlorpyrifos, dimethoate, dichlorvos, fention, mevinphos, phorate, tetrachlorovinphos, malathion, coumaphos, merphos, trichloronate and sulprofos, respectively.
The results of pesticides monitoring showed the presence of several organophosphorus compounds in water and this is in agreement with those reported by [29] [30] . The concentration levels of the most detected organophosphorus pesticides were much lower at the outlet sampling points than the intake sampling points of water purification plants. Furthermore, some identifi ed pesticides were detected in the inlet and not detected in the outlet points of water purifi cation plants. This may be due to water purifi cation processes such as coagulation, sand fi ltration and chlorination that carried out inside water purifi cation plants that remove or reduce the residues of the detected pesticides in water [31] [32] [33] [34] [35] . For example, in drinking water treatment processes, coagulation with polyaluminium chloride was found to be effi cient in the removal of organic materials [31] [32] [33] [34] [35] . In spite of some pesticides still present in drinking water after treatment, their concentration level was much lower than the maximum residue limits (MRLs) according to Egyptian Standards. Finally, the misuse of these pesticides by concerned individuals in addition to the lack of or weak national control is behind the presence of these pesticides in water 30 . Therefore, frequent monitoring program is urgently needed in order to assess health risks associated with such contaminates, especially with chronic exposure or a life-long intake of contaminated drinking water.
Degradation of chlorpyrifos by advanced oxidation processes
The fi rst parameter considered in this study was the losses in chlorpyrifos concentration with the irradiation time with respect to rate and the complete degradation of the tested compound. As shown in Fig. 2 (Fig. 2) . /UV systems relative to the degradation under other photochemical remediation systems. This is due to the fact that the stabilized nanoparticles offer much greater surface area and reactivity which lead to higher generation rate of hydroxyl radicals relative to the normal particles
36-37
. After 20 min of irradiation time, the degradation rate of the remaining chlorpyrifos was quite slower than the fi rst 20 min under all photochemical remediation systems. This might be due to the low concentration of the remaining chlorpyrifos (lower than 5% of initial concentration) after 20 min of irradiation time which leads to high delivery rate of Fe3 + /H 2 O 2 /UV and ZnO/ H 2 O 2 /UV systems corresponds to higher concentrations of these reagents and this subsequently increases their ability to compete with chlorpyrifos to react with hydroxyl radicals as hydroxyl radicals scavenger (eqs. 1, 2) ) at the intake and outlet of water purifi cation plant at all sampling sites in spring season / UV system and this was due to the effect of particle size of nano zinc oxide. The effect of particle size on the photodegradation effi ciency can be ascribed to two reasons. (1) When the size of ZnO crystals decreases, the amount of the dispersion particles per volume in the solution will increase, resulting in the enhancement of the photon absorbance. (2) The surface area of ZnO photocatalyst will increase as the size of ZnO crystals decreases, which will promote the adsorption of more insecticide molecules on the surface 43 . The degradation rate of chlorpyrifos under Fe 2 O 3 (nano)/H 2 O 2 /UV system was higher than that under Fe 3+ / H 2 O 2 /UV system and this is due to the effect of the nano size of ferric oxide particle. This is in agreement with 16-17 who developed a new catalyst using nanosize particles with a high surface area that can accelerate the photo Fenton-like reagent. Therefore, ferric and zinc oxide nanoparticles are potentially useful for the remediation of chlorpyrifos contaminated water because they have a great surface area relative to normal size ones which led to a great destruction powder through hydroxyl radicals generation for chlorpyrifos [43] [44] .
Biodegradation of chlorpyrifos using effective microorganisms (EMs)
The degradation ability of the effective microorganisms to chlorpyrifos was illustrated in Fig. 3 . The effective microorganisms showed high potential in the degradation of the tested insecticide. Nearly 100% of chlorpyrifos initial concentration (5 mg L -1 ) was degraded within three weeks. On the contrary, the degradation percentage of chlorpyrifos reached 2% at the end of incubation time in control samples. This indicates that photodecomposition or volatilization of chlorpyrifos is negligible.
Concerning the bioremediation of chlorpyrifos, effective microorganisms showed high degradation ability against chlorpyrifos in drinking water. This may be due to that the effective microorganisms is not one microorganism but a mixture of microorganisms 45 and has also been described as a multi-culture of coexisting anaerobic and aerobic benefi cial microorganisms 46-47 . Therefore, its degradation ability must be faster and more effective than using one microorganism. 
48
. The results revealed that chlorpyrifos might have been metabolized effi ciently by detoxifying enzymes. Since the biodegradation of organophosphates involve activities of enzymes such as phosphatase, esterase, hydrolase and oxygenase. Enzymatic hydrolysis of twelve commonly used organophosphorus insecticides was found to be much faster than chemical hydrolysis 49 . As a conclusion, effective microorganisms could be used in various kinds of aerobic and anaerobic systems for treating agricultural wastes which represent the fi rst point of discharge of many chemicals into the environment. The effective and stable degradation capacity of this EMs technology in utilizing and degrading this compound refl ected their effi cacy in biotechnological application for the bioremediation of such contaminated water. These results indicated that EMs are more stable in retaining their ability to completely degrade chlorpyrifos because these effective microorganisms live in symbiotic relationships and their infl uence on the environment are sum of all activities of these microorganisms. Where the metabolites formed by one type of microorganism may be utilized by other group of organisms. Therefore, this study so far suggested that micro-organisms endowed with this property of degradation of toxic pollutants are a boon to mankind. Future studies on the genes responsible for enhanced biodegradation will enable us to elucidate the exact degradation pathway involved in its microbial biodegradation.
Toxicity assessment Cholinesterase activity
The complete detoxifi cation of chlorpyrifos in water samples treated with Fe 2 O 3 (nano)/H 2 O 2 /UV, ZnO(nano)/ H 2 O 2 /UV, Fe 3+ /H 2 O 2 /UV, ZnO/H 2 O 2 /UV and effective microorganisms (EMs) was confi rmed by measuring the effect of these samples on the activity of acetyl cholinesterase relative to control in treated rats. The results showed that there were no signifi cant differences in cholinesterase activity in the serum of the rats treated with water samples after remediation relative to control treatment (Table 3 ). 
Histology test The histopathological changes in the kidney
The normal structure of kidney tissue is shown in Fig. 4 and Effective microorganisms (F), the tissues were normal as control but for small vaculations of endothelial lining glomerular tult and epithelial lining renal tubules (Fig. 4 E) . To confi rm the safety of the materials used in the remediation, some rats were treated with 
The histopathological changes in the liver
The normal structure of liver tissue is shown in Fig. 5 To evaluate the effi cacy of different tested remediation techniques in removing chlorpyrifos from drinking water, toxicity assessment was carried out with respect to biochemical and histological tests. The results showed that the treated water samples either after chemical or bio remediation had no signifi cant effect on the activity of AChE relative to control (Table 3 ). This is implied that chlorpyrifos which spiked in water samples before remediation was completely removed in all remediation techniques. Also this means that the aqueous solution spiked with chlorpyrifos was completely detoxifi ed to AChE non-inhibiting products when a bioassay was conducted with AChE as a sensitive target of chlorpyrifos 21 . The histological test for all remediation techniques of chlorpyrifos in drinking water showed no signifi cant changes in kidney or liver of treated rats relative to control treatment. This implies the complete detoxifi cation of chlorpyrifos and its possible toxic products in treated drinking water with different remediation techniques. Also, this refl ect the safety of all the tested chemical and biological remediation techniques on human health especially when we extend the remediation time for photochemical and bioremediation techniques.
Advanced oxidation processes especially with nanomaterials and bioremediation using effective microorganisms are promising remediation technologies for chlorpryifos removing in water. However, advanced oxidation processes especially with nanomaterials can more suitable remediation technologies for water (fresh or waste) contaminated with high concentrations due to its faster degradation due to its great degradation power relative bioremediation using effective microorganisms that takes a long time, need special environmental conditions and limited to those compounds that are biodegradable 21 . On the other hand, bioremediation using effective microorganisms could be more suitable for drinking water contaminated with low concentrations and low persistent compounds due its safety relative to chemical remediation by advanced oxidation processes. Although nanomaterials present seemingly limitless possibilities, they bring with them new challenges to understanding, predicting and managing potential safety and health risks to workers. Although the toxicological tests in this study showed that nanomaterials could be safe the implications of these engineered nanoparti cles, which may have different particle properties, are uncertain. Research is needed to determine the key physical and chemical character istics of nanoparticles that determine their hazard potential 50 .
CONCLUSIONS
These results clearly indicate the presence of numerous organophosphorus compounds in drinking water. Water purifi cation processes reduced the amount of pesticides in drinking water. The photo-Fenton like reagent and photo zinc oxide combined with hydrogen peroxide showed much promise in the complete degradation and detoxifi cation of chlorpyrifos in contaminated drinking water, especially by using ferric and zinc oxides nanoparticles. Effective microorganisms' formulation is promising an effective and safe bioremediation technique for chlorpyrifos removal in drinking water.
